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(57) A stent for expanding a lumen of a body having 
a structural stability along the length of the stent, as well 
as a good expandable force. According to one embod- 
iment of the present invention, the stent is made of a 
single length of a filament and comprises zigzag sec- 
tions, in which the filament is wound in a zigzag manner, 
disposed on both end portions of the stent; and a spiral 
section, in which the filament is wound in a spiral man- 
ner, disposed between the zigzag sections. The zigzag 
section comprised a plurality of bands. Each of the 
bands includes a series of straight portions, peak por- 
tions, and valley portions, the peak and valley portions 
being integrally engaged with the straight portions, and 
each of the bands is disposed along a circumferential 
direction of the stent on a plane substantially perpendic- 
ular to a longitudinal axis thereof; and each valley por- 
tion ot the bands is twisted with a peak portion of an 
adjacent band. Also, the spiral section comprises a body 
portion formed in such a way that the filament crosses 
in a spiral pattern to form a plurality of segments with 
the filament being not engaged with each other, and up- 
per and lower end portions having a plurality of bent 
points. 



FIG. 1 
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a plurality of bent points 12 and 14, with the bent points 
1 2 and 14 being disposed on a plane substantially per- 
pendicular to a longitudinal axis of the stent, respective- 
ly. This disposition may allow a diameter enlarging por- 
tion to form on the end of the stent.as will be described 
below. U.S. patent No.5,545,211 issued to An et al on 
August 13, 1996 discloses a stent including distal ends 
having a plurality of bent points slanted at a given helix 
angle, i.e., distributed in a helix along the length of the 
stent. 

Referring to FIG. 2, the filament 10 is deposed in a 
zigzag pattern along a circumferential direction of the 
stent to form a band. The band includes a plurality of 
straight portions 20, a plurality of peak portions 22 (the 
term "peak portion - used therein refers to a portion pro- 
truding upwardly as will be seen in the drawing) and a 
plurality of valley portions 24 (the term "valley portion" 
used therein refers to a portion protruding downwardly 
as will be seen in the drawing), which the peak and val- 
ley portions are integrally connected by the straight por- 
tions 20. The continuous straight portions 20, peak por- 
tions 22 and valley portions 24 form a single band as 
shown in FIG. 3. The stent according to the first pre- 
ferred embodiment of the present invention is formed by 
interconnecting bands. 

Referring to FIG. 4, the bends are interconnected 
in such a manner that the valley portions of the first band 
are twisted with the peak portions of the second adja- 
cent band which is positioned underneath the first band. 
In order to easy this interconnection, and to prevent the 
shape of the stent from distorting when the expansion 
or contraction of it, the valley portion's have substantially 
straight line. 

FIG. 1 2 shows in detail a portion of the stent accord- 
ing to a third preferred embodiment of the present in- 
vention, as will be described below. In particular, refer- 
ring to a zigzag section shown in FIG. 1 2, The filament 
forming a first band A forms a number of peak portions 
102 and valley portions 104 along the circumferential 
direction of the first band. The elongated straight portion 
1 06 forming the last peak portion 1 02L of the first band 
A extends downward to form the valley portion 104' of 
the second band B, and forms a number of peak portions 
102' and valley portions 104' in the circumferential di- 
rection of the second band B. The peak portions 102* of 
the second band B are twistedly connected with the val- 
ley portions 104 of the first band A. 

The elongated straight portion 126 forming the last 
peak 102'L of the second band B extends downward to 
form a number of valley portions 104" and peak portions 
102" of the third band C in the circumferential direction. 

The filament 112 forming the last peak section 
102"L of the third band C is twisted with the most upper 
end valley portion of the zigzag section positioned at the 
lower end portion of the stent. Of course, according to 
the method of manufacturing the stent of the present in- 
vention, the zigzag section of the upper end portion is 
first manufactured, and the spiral section in the middle 



portion is next manufactured. The zigzag section of the 
lower end portion is manufactured last. 

The cylindrical stent according to the first preferred 
embodiment of the present invention is consisted of a 
number of bands A, B and C as described above. The 
stent of first preferred embodiment has elongated 
straight portions 1 06 and 1 26 which are extended down- 
ward from the last peak portions 102L and 102L', which 
is an initial filament of the adjacent lower band, respec- 
tively. The stent disclosed in the patent of An et al has 
no an elongated straight portion extended downward as 
described above, because the bands are disposed at a 
given helix angle. Specifically, why the reason the stent 
of the patent of An et al has no a flat surface perpendic- 
ular to the longitudinal axis of the stent is the fact that 
each of the bands is spirally wound at a given tilt angle 
to a horizontal plane. 

Referring to FIGs. 3 and 4, it will be now described 
on the manufacturing method of the stent according to 
the first preferred embodiment of the present invention. 

As shown in FIG. 3, the single length of wire is bent 
in a shape of recess with a number of straight portions 
20 so as to form a first band, wherein the initial straight 
portion 22! of the straight portions 20 is formed to have 
a constant extended straight portion 8. And, a final 
straight porion 11 F of the first band is not engaged with 
an initial valley 24I and is extended downward. Although 
it is not shown in the drawings, a mandrel is generally 
used on manufacturing the stent, in which the peak and 
valley portions are bent around pins inserted into holes 
formed at a regular interval on the periphery of the man- 
drel. 

The straight portion 11 F extended downward is bent 
to form an initial valley portion 24' of an adjacent lower 
band as shown in FIG. 4. And, the filament is bent to 
form a number of peak portions 22' and valley portions 
24', which forms a second band. Each of the peak por- 
tions 22' of the second band is engaged with corre- 
sponding one of the valley portions 24 of the first band 
in such a way of at least one twist, twice times in the 
embodiment. 

The above steps are repeated until the desired cy- 
lindrical stent can be achieved. The final straight portion 
11 F" of a final band is twisted with the initial valley por- 
tion of the just adjacent upper band and is finished at a 
desired position. 

FIGs. 5 and 6 show alternative embodiments of the 
present invention, of which the elongated straight por- 
tions and the final straight portions are not shown for 
clarity of the drawings. Referring to FIG. 5, both ends of 
the stents according to the alternative embodiment have 
a diameter increasing portions 42 in a shape of a flare 
with the diameter enlarging toward the distal end in or- 
der to prevent from migrating. Also, FIG. 6 shows a stent 
substantially similarly with the alternative embodiment 
shown in FIG. 5, except that both ends thereof are pro- 
vided with evenly diameter-enlarging portions 44 having 
the diameter thereof larger than it of a body 40. Since 
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the zigzag sections of the stent shown in FIGs. 5 and 6 
are similar with the zigzag section of the first embodi- 
ment, the description thereof will be omitted. 

FIG. 7 shows a stent according to a second pre- 
ferred embodiment of the present invention! The stent 
shown in FIG. 7 uses a single length of filament 10 such 
as the first embodiment, but the filament is disposed in 
a shape of a spiral pattern. 

Referring to FIG. 7, the stent of the second embod- 
iment has a number of bent points 32 on upper and lower 
end portions, wherein the number of the bent points of 
the upper end portion is identical to the number of the 
bent points of the lower end portion. The filament con- 
sisting a body portion cross spirally in an unengaged 
manner. One segment of filament runs alternatively on 
and under other segments which are disposed in a di- 
rection opposite to that of the segment, so that a number 
of meshes are formed by the crossing points of the seg- 
ments. Initial segment 101 and final segment 10F are cut 
and remain in free ends so as to not protrude outwardly. 

Referring to FIG. 8, which shows the developed pe- 
ripheral of a mandrel to easily understand, it will be de- 
scribed on a method of manufacturing the stent accord- 
ing to the second embodiment of the present invention. 
The mandrel is attached on the upper and lower ends 
with each four pins A, B, C and D, and a, b, c and d, but 
is not limited thereto, in order to manufacture the stent. 

Because the stent of the second embodiment is 
made of a single length of a filament, the only one end 
of the initial filament is secured with a c-ramp (not 
shown) of the mandrel. In the stent of the second em- 
bodiment, the filament starts with the pin A. The filament 
started from the pin A runs spirally along the mandrel 
and turns around one of pins a, b, c, and d on the lower 
end. At that time, the pin of the lower end to which the 
filament is reached may be determined depending upon 
a given spiral angle, and it does not matter that the fila- 
ment will be reached to other of the pins b, c, and d on 
the lower end by changing the spiral angle. 

It will be described on the case that the filament is 
reached to the pin d in 3/4 turnings in the embodiment. 
The filament, which starts from the pin A and reaches 
to the pin d as described above, turns around the pin d 
and runs a point 62 toward the upper. The choice of the 
pin on the upper end, at which the filament departed 
from the pin d is reached, will be depending on the de- 
signer, but it does not matter if the filament runs evenly 
all of the pins with it being wounded repeatedly to the 
upper and lower ends. 

In this embodiment, the filament passed through the 
pin d reaches the pin D at the upper end after fully ro- 
tating the mandrel. The filament passed through the pin 
D passes through the pin c at the lower end after rotating 
3/4 of the mandrel, and passes through the pin C at the 
. upper end after fully rotating the mandrel. In other 
words, the points 62, 64 and 66 illustrated on the right 
side in FIG. 8 are positioned at the same spot as the 
points 62, 64 and 66 illustrated on the left side in FIG. 



8. The filament reaches the pin A by passing through 
the pins b, B and a. 

The filaments form a number of crossing points 
such as 72 and 74 while crossing one another by re- 
5 peating the above processes. The filaments form a sta- 
ble structure by crossing one another. When a filament 
crosses under another filament at a crossing point, the 
latter should be slightly lifted at the crossing point by 
means of an apparatus such as a B -° shaped driver or a 
10 knitting needle so that the former can smoothly pass un- 
der the latter, as in the method of knitting. 

When the filament returns to its starting point after 
passing through all the pins, the circumferential parts of 
the stent should be released to form a desirable diam- 
15 eter of the stent. Upon completion of the above process- 
es, all the pins are removed from the mandrel to dis- 
charge the stent from the mandrel. 

The process of manufacturing the stent according 
to the second embodiment described above standard - 
20 ized a case wherein four pairs of pins are mounted on 
the upper and lower ends, respectively, to assist in un- 
derstanding. However, the same stent can be manufac- 
tured regardless of the number of pins. For instance, if 
ten pins are employed, a filament starts from the starting 
25 point and fully rotates the mandrel once, twice and 5/4 
of the mandrel. The filament then reaches a predeter- 
mined pin at the lower end, and rotates the mandrel in 
the counter direction for appropriate times, and lapse 
three pins from the pin at the starting point. Through 
30 these processes, the filament passes through all of the 
ten pins. 

If the number of pins is odd such as nine or eleven, 
the filament will not periodically cross at some points. 
However, the number of pin intervals, at which the fila- 
35 ment will pass, can be variously adjusted to be two or 
three, etc. 

FIGs. 9 and 10 illustrate another alternative embod- 
iment of the present invention. Referring to FIG. 9, the 
stent according to another alternative embodiment of 
40 the present invention has diameter-enlarged portions 
42', 42* at both end parts, the diameters of which are 
extended toward the ends so that the stent may not slide 
off. Also, FIG. 10 illustrates a stent which is substantially 
identical with the alternative varied embodiment illus- 
45 trated in FIG. 9 except that it has portions 44', 44' at both 
end, the diameters of which are larger than the diameter 
of the main body 40. Since the spiral part of the stent 
illustrated in FIGs. 9 and 1 0 is substantially identical with 
that illustrated in the second embodiment, no further ex- 
50 pianation will be provided. 

FIG. 11 briefly illustrates a cylindrical stent accord- 
ing to a third embodiment of the present invention. The 
stent in FIG. 11 comprises a filament of a single line, 
including zigzag sections I and III at both end portions 
55 and a spiral section II in the middle portion. However, a 
person skilled in the art will know that another zigzag 
section can be additionally formed at the middle portion 
of the spiral part positioned between both end portions 
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of the stent 

FIG. 1 2 further illustrates a part of the stent accord- 
ing to the third embodiment of the present invention il- 
lustrated in FIG. 11. The zigzag section I positioned at 
an upper end of the stent comprises a plurality of straight 5 
portions 100, peak portions 1 02, and valley portions 104 
integrally engaged with the straight portions. The 
straight portions 100, peak portions 102 and the valley 
portions 104 distributed on a common plane form a band 
(A, B or C). In the embodiment illustrated in FIG. 12, 
each of the zigzag sections I and ill positioned at the 
upper and lower end portions of the stent comprises 
three bands, respectively, but is not limited thereto. 

A series of bands A, B, C are connected to one an- 
other by twisting the valley portions of the upper adja- 
cent band with the peak portions of the lower adjacent 
band. To ease such twisting, and to prevent a possible 
change in a configuration of the stent when expanding 
or shrinking, the tops of the valley portions take the form 
of a straight line. 

Referring to FIG. 2, a filament 1 1 4 forming the spiral 
section II in the middle portion of the stent is twisted with 
the valley portion 1 04" of the lowest band C of the zigzag 
section I. The spiral section li comprises a filament 112 
extending toward the last peak portion 1 02 "L of the low- 
est band C of the zigzag section I positioned at an upper 
end portion of the stent, and is twisted with the valley 
portion 1 04" of the most upper band A of the zigzag sec- 
tion II! positioned at the lower end portion of the stent. 
The filament 112 is also twisted with another valley por- 
tion 104" of the lowest band C of the zigzag section I 
positioned at the upper end portion of the stent. The fil- 
aments 114 forming the spiral section II cross one an- 
other without being twisted at the crossing points. 

Filaments of a single line are employed according 
to one aspect of the present invention. Therefore, the 
stent for expanding the vascular has -only two ends 108 
connected to the band of the zigzag sections positioned 
on the upper and lower end portions. Thus, loading the 
stent toward its radial direction will change neither its 
configuration nor result in damage of tissues of the vas- 
cular. 

The filament forming a first band A forms a number 
of peak portions 102 and valley portions 104 along the 
circumferential direction of the first band. The elongated 
straight portion 106 forming the last peak. portion 102L 
of the first band A extends downward to form the valley 
portion 104* of the second band B, and forms a number 
of peak portions 102' and valley portions 1 04' in the cir- 
cumferential direction of the second band B. The peak 
portions 102' of the second band B are twistedly con- 
nected with the valley portions 104 of the first band A. 

The elongated straight portion 126 forming the last 
peak 102'L of the second band B extends downward to 
form a number of valley portions 1 04" and peak portions 
102" of the third band C in the circumferential direction. 

The filament 112 forming the last peak section 
102"L of the third band C is twisted with the most upper 



end valley portion of the zigzag section positioned at the 
lower end portion of the stent. Of course, according to 
the method of manufacturing the stent of the present in- 
vention, the zigzag section of the upper end portion is 
first manufactured, and the spiral section in the middle 
portion is next manufactured. The zigzag section of the 
lower end portion is manufactured last. 

In the spiral part II, the filament 11 4 facing the lower 
end portion of the stent extends toward the direction- 
opposite to the filament 1 1 5 facing the upper end portion 
of the stent. If these filaments 114, 11 5 are twisted in the 
spiral form, a plurality of meshes are formed by the 
crossing points of the filaments. 

The last filament 116 of the twisted filaments ex- 
tends toward the lower end portion of the stent after be- 
ing twisted with the valley porion 1 04" of the band C. 
The filament 116 extending toward the lower end portion 
forms the zigzag section III at the lower end portion. 

The end 108 forming the starting point of the first 
band A is twisted with the fixed filament at a predeter- 
mined point. The embodiment in FIG 12 shows that the 
end 108 is twisted with the extended filament of the first 
band and the second band, but is not limited thereto. 

The upper part of the stent for expanding a lumen 
of a body has been explained with reference to FIG. 1 2. 
Since the zigzag section III positioned at the lower end 
portion of the stent is substantially identical with the zig- 
zag section I described above in terms of configuration 
and structure, no further explanation will be provided. 

In the embodiments of the present invention, both 
end portions of the stent include a pair of zigzag sections 
comprising a plurality of bands twistedly connected to 
one another, thereby having low flexibility but high 
restorability. The spiral section in the middle portion is 
arranged such that the filaments are not twisted one an- 
other, thereby having low restorability but high flexibility. 

The stent according to an alternative embodiment 
of the present invention will now be explained with ref- 
erence to FIG. 13. 

The stent for expanding body lumens illustrated in 
FIG. 13 is substantially identical with the embodiment 
illustrated in FIGs. 11 and 12 except that the zigzag sec- 
tions I' and III* formed at both end portions to prevent 
sliding off of the stent are extended in the form of a flare. 

The zigzag sections I' and IN' taking the form of a 
flare are positioned on the left and right sides of the spi- 
ral section in the middle portion prevents the stent from 
migrating. Also, even if the stent is disposed within a 
curved body lumen, the spiral section in the middle por- 
tion can be sufficiently bent, and the zigzag sections r 
and III' on the left and right sides help restoring the orig- 
inal configuration of the stent. Also, both end portions 
extended in the form of a flare prevent the stent from 
migrating in the curved lumen. 

FIG. 14 illustrates a stent according to another al- 
ternative embodiment of the present invention. The 
stent in FIG. 14 has zigzag sections I" and III", the di- 
ameters of which are evenly extended toward both ends 



15 



20 



25 



30 



35 



40 



45 



50 



6 



11 



EP 0 857 471 A2 



12 



of the stent, to more strongly prevent the stent from mi- 
grating when disposed within a body lumen than that in 
FIG. 13. 

As described above, according to the third embod- 
iment and its alternative embodiment of the present in- 
vention, the stent for expanding a lumen of a body com- 
prises zigzag sections at both end portions thereof and 
a spiral section in the middle portion, thereby taking both 
advantages of the zigzag sections of high restorability 
and a spiral section of high flexibility. Therefore, the 
stent according to the embodiment can maintain an 
open state of the central part even if it is disposed within 
a curved lumen by such a catheter owing to the zigzag 
sections formed at both end portions and maintain 
restorability thereof. 

Also, the stent for expanding a lumen of a body de- 
scribed above has a greater size of diameters in the zig- 
zag sections than that of the spiral section, thereby pre- 
venting the stent from sliding off the target site of the 
lumen. 

The material used for the stent for expanding a lu- 
men of a body described above has been widely known. 

Although a number of materials are suggested, in- 
cluding Ni-Ti alloys of 49 to 58%(atm) nickel, Ni-Ti alloys 
in which the transformation between austenite and mar- 
tensite is complete at a temperature of 10*0 or below 
are preferable. In the unstressed state at room temper- 
ature, such super elastic materials occur in the austenite 
crystallin crystalline phase and, upon application of 
stress, exhibit stress-induced austenite-martensite 
(SIM) crystalline transformations which produce nonlin- 
ear elastic behavior. 

Also, it is suggested the stent made up of a shape 
memory alloy such as the nickel-titanium alloy known 
as nitinol to allow the shape memory alloy member to 
recover its original shape upon being warmed by body 
temperature or a warming fluid supplied by a fluid injec- 
tion apparatus. 

Though not illustrated in the drawings, a wrapping 
process may be employed to prevent cells from growing 
through the mesh structure of the stent. The wrapping 
process comprises surrounding the stent with meshes 
composed of nylon, and coating the stent with a hose- 
type thin film composed of polymer or silicon rubber, etc. 
Such structure has been disclosed in the International 
Publication No. WO 92/06734 and U.S.Patent No. 5, 
330,500, which the contents are incorporated into the 
present application. 

FIG. 1 5 briefly illustrates a retrieving member for re- 
trieving the stent after treating the disease in a body lu- 
men. The retrieving member, which is generally provid- 
ed inside one end portion of the stent, comprises a plu- 
rality of fixed nylon wires 52 connected to the filament 
arranged along the circumferential direction of the stent 
50, and retrieving nylon wires 54 supported by the fixed 
wires 52. The wires 52, 54 are preferably composed of 
a line of high intensity such as a fishing line. 

While the present invention has been described and 



illustrated herein with reference to the preferred embod- 
iments thereof, it will be understood by those skilled in 
the art that various changes in form and details may be 
made therein without departing from the spirit and scope 
s of the invention. 



Claims 

10 1 . a stent for expanding a lumen of a body, the stent 
being made up of a single length of a filament and 
including a plurality of bands formed in a zigzag pat- 
tern, wherein: 

15 each of the bands includes a series of straight 

portions, peak portions, and valley portions, the 
peak and valley portions being integrally en- 
gaged with the straight portions, and each of 
the bands is disposed along a circumferential 

20 direction of the stent on a plane substantially 

perpendicular to a longitudinal axis thereof; 
each valley portion of the bands is twisted with 
a peak portion of an adjacent band; and 
an initial portion of the filament is an extension 

25 . from a last straight portion of previous adjacent 

band. 

2. The stent as claimed in claim 1 , wherein upper and 
lower end portions of the stent have a flare shape 

30 in which a diameter is increased toward a distal end 
thereof to prevent the stent from migrating inside 
the lumen. 

3. The stent as claimed in claim 1 , wherein the upper 
35 and lower end portions of the stent have a larger 

diameter than a middle portion of the stent. 

4. The stent as claimed in claim 1 , wherein the filament 
is made of a Ni-Ti alloy. 

40 

5. The stent as claimed in claim 1 , wherein the stent 
is covered or wrapped with a flexible material. 

6. The stent as claimed in claim 1 , further comprising 
45 on one end thereof a retrieving member by which 

the stent is removed from the lumen. 

7. The stent as claimed in claim 6, wherein the retriev- 
ing member comprises a plurality of wires attached 

so to the one end of the stent. 

8. A stent for expanding a lumen of a body, the stent 
being made of a single length of a filament, the stent 
comprising: 

55 

a body portion formed in such a way that the 
filament crosses in a spiral pattern to form a plu- 
rality of segments with the segments being not 
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engaged with each other; and 

upper and lower end portions having a plurality 

of bent points; 

wherein the number of the bent points of the 
upper end portion is equal with the number of 
the bent points of the lower end portion, and 
any one segment passes alternately on and un- 
der other segments which are wound along a 
longitudinal axis of the stent in a spiral direction 
so that cross points of the segments form a plu- 
rality of meshes. 

9. The stent as claimed in claim 6, wherein the upper 
and lower end portions of the stent have a flare 
shape in which a diameter is increased toward a dis- 
tal end thereof to prevent the stent from migrating 
inside the lumen. 

10. The stent as claimed in claim 8, wherein the upper 
and lower end portions of the stent have a larger 
diameter than a middle portion of the stent. 

1 1 . The stent as claimed in claim 8, wherein the filament 
is made of a Ni-Ti alloy. 

12. The stent as claimed in claim 8, wherein the stent 
is covered or wrapped with a flexible material. 

13. The stent as claimed in claim 8, further comprising 
on one end a retrieving member by which the stent 
is removed from the lumen. 

14. The stent as claimed in claim 13, wherein the re- 
trieving member comprises a plurality of wires at- 
tached to the one end of the stent. 

15. . A stent for expanding a lumen of a body, the stent 
being made of a single length of a filament, the stent 
comprising: 

zigzag sections, in which the filament is wound 
in a zigzag manner, disposed on both end por- 
tions of the stent; and 

a spiral section, in which the filament is wound 
in a spiral manner, disposed between the zig- 
zag sections. 

16. The stent as claimed in claim 15, wherein each of 
the zigzag sections comprises a plurality of bands. 

17. The stent as claimed in claim 16, wherein each of 
the bands includes a series of straight portions, 
peak portions, and valley portions, the peak and val- 
ley portions being integrally engaged with the 
straight portions, and each of the bands is disposed 
along a circumferential direction of the stent on a 
plane substantially perpendicular to a longitudinal 
axis thereof; and each valley portion of the bands 



is twisted with a peak portion of an adjacent band. 

18. The stent as claimed in claim 15, wherein the spiral 
section comprises: 

5 

a body portion formed in such a way that the 
filament crosses in a spiral pattern to form a plu- 
rality of segments with the filament being not 
engaged with each other; and 
10 upper and lower end portions having a plurality 

of bent points. 

. 1 9. The stent as claimed in claim 1 5, further comprising 
a zigzag section formed in a middle portion of the 
15 spiral section. 

20. The stent as claimed in claim 15, wherein the end 
portions of the stent have a flare shape in which a 
diameter is increased toward a distal end thereof to 

20 prevent the stent from migrating inside the lumen. 

21. The stent as claimed in claim 15, wherein the end 
portions of the stent have a larger diameter than a 
middle portion of the stent. 

25 

22. The stent as claimed in claim 15, wherein the fila- 
ment is made of a Ni-Ti alloy. 

23. The stent as claimed in claim 15, wherein the stent 
30 is covered or wrapped with a flexible material. 

24. The stent as claimed in claim 1 5, further comprising 
on one end a retrieving member by which the stent 
is removed from the lumen. 

35 

25. The stent as claimed in claim 24, wherein the re- 
trieving member comprises a plurality of wires at- 
tached to the one end of the stent. 
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FIG. 3 
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FIG. 15 
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